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(57) ABSTRACT 

Systems and methods for actively seeking and generating 
real-time, conflict-checked, operationally preferred flighttra 
jectory revision recommendations are disclosed. The system 
analyzes air traffic based on a plurality of uniquely integrated 
inputs, to produce at least one conflict-checked, operationally 
preferred flight trajectory revision opportunity for an operat 
ing vehicle, and a communications component configured to 
communicate the at least one conflict-checked flight trajec 
tory revision. In one embodiment, the system interfaces with 
the airspace user's operations center (e.g. Airline Operations 
Center), to communicate the operationally preferred flight 
trajectory revision opportunity, and allow the operator to 
make the decision whether to implement, and request the 
same from the Air Navigation Service Provider. In another 
embodiment, the system interfaces with the Air Navigation 
Service Provider, and while considering operator business 
objectives, and other constraints, directly aides the air traffic 
controller in determining more optimal flight trajectory revi 
sion opportunities. 

20 Claims, 6 Drawing Sheets 
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SYSTEMS AND METHODS FOR REAL-TIME 
CONFLICT-CHECKED, OPERATIONALLY 

PREFERRED FLIGHT TRAJECTORY 
REVISION RECOMMENDATIONS 

FIELD OF THE INVENTION 

The field of the present disclosure relates to aircraft traffic 
management, and more specifically, to systems and methods 
for actively seeking and generating real-time, conflict 
checked, operationally preferred flight trajectory revision 
recommendations. 

BACKGROUND 

Operational planning for commercial airline flights typi 
cally begins days to months in advance, anticipating demand, 
future traffic congestion, weather and other considerations. In 
the United States, for example, the operational planning func 
tion is generally conducted by an airline's Airline Operations 
Control (AOC) center. In parallel, Air Traffic Control (ATC) 
has its own set of services and functions. ATC manages avia 
tion traffic in a block of airspace on behalf of a country or 
region, and is often a governmental organization. Airspace 
configuration and management begins days to months in 
advance of an actual flight, taking into consideration antici 
pated demand, probable congestion points due to weather or 
traffic, and other constraints. 

For example, FIG. 1 shows airline and air traffic control 
operating environment 50 in accordance with the prior art. 
The environment 50 includes an airline operations portion 51 
(typically performed by the AOC center), and an air traffic 
control portion 60 (typically performed by ATC). During a 
look-ahead period 70 (e.g. approximately 1 month to 12 
hours), an airspace management component 62 and a system 
flow management component 64 of the air traffic control 
portion 60 perform long-term, pre-flight planning operations. 
These operations are performed in parallel to, and semi 
coordinated with strategic flight planning component 52 of 
the airline operations portion 51, typically performed by an 
airline’s AOC. 

Working in a collaborative manner with airlines and other 
system users, ATC is responsible for overall air traffic man 
agement. This high level, strategic national process becomes 
a more tactical regional traffic management process closer to 
the actual time of operation. More specifically, as shown in 
FIG. 1, during look-ahead period 72 (e.g. approximately 12 
hours to 20 minutes), a regional traffic management unit 66 of 
the air traffic control portion 60 performs intermediate-term 
planning and air traffic management operations. These opera 
tions are conducted in parallel to an AOC preflight/in-flight 
operations component 54 of the airline operations portion 51. 
In this time window the airline's Operations Center is prima 
rily in a reactive mode, responding to system dynamics and 
perturbations which would otherwise have an adverse effect 
on planned operations (i.e. airline Schedule). This function is 
referenced here as “Reactive Perturbation Management 56. 
As shown in FIG. 1, during look-ahead period 74 (e.g. 

approximately 20 minutes out), a flight component 58 of the 
airline operations portion 51 operates the aircraft, and a sepa 
ration management component 68 of the air traffic control 
portion 60 performs separation management functions to 
manage and prevent conflicts to ensure safety of flight. 

Although desirable results have been achieved using exist 
ing air traffic management systems, there may be room for 
improvement. For example, at times, a flight route may be 
planned non-optimally to avoid a congestion point or antici 
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2 
pated convective weather cells. Additionally, if that event 
does not materialize, or is only relevant for a short period of 
time, traffic flows and individual flights may operate less 
optimally than otherwise possible. Similarly, as wind patterns 
develop, certain trajectories of flight not in the original flight 
plan may become preferable from an efficiency standpoint. 
Some efforts have been made to address such undesirable 

circumstances, including, for example, the “Direct To” tool 
developed by the National Aeronautics and Space Adminis 
tration, and the User Request Evaluation Tool developed by 
The Mitre Corporation of McLean, Va. Such existing systems 
and methods for air traffic management, however, are config 
ured for use by air traffic controllers having a somewhat 
limited perspective, and are not particularly well-suited to 
enable user-preferred (e.g. airline requested) real-time flight 
trajectory revisions. 

SUMMARY 

Systems and methods for actively seeking and generating 
real-time, conflict-checked, operationally preferred flighttra 
jectory revision recommendations are disclosed. Embodi 
ments of systems and methods in accordance with the present 
disclosure may provide significant advantages, including 
improved efficiency, lower costs, reduced emissions, reduced 
congestion and other operational advantages. 

In one embodiment, a system for analyzing air traffic based 
on a plurality of uniquely integrated inputs, produces at least 
one conflict-checked, operationally preferred flight trajectory 
revision for an operating vehicle, and a communications com 
ponent configured to communicate the at least one conflict 
checked flight trajectory revision. The plurality of inputs to 
the system can include, but is not limited to: airline opera 
tional preferences specific to an individual aircraft or flows of 
aircraft, live air traffic Surveillance data, flight plan data, 
weather and wind data, high fidelity aircraft performance 
models, airline-specific objectives, and other relevant data. 
Based on the plurality of inputs, the system is configured to 
actively search for and determine at least one conflict 
checked flight trajectory revision for the operating air vehicle. 
The at least one conflict-checked flight trajectory revision at 
least partially improves the chances of meeting the operator 
specified objectives. The communication component com 
municates the at least one conflict-checked flight trajectory 
revision to the airspace user and/or Air Navigation Service 
Provider. 

Another embodiment includes a method of operating an air 
vehicle based on a plurality of inputs, and determining at least 
one conflict-checked flight trajectory revision for an operat 
ing air vehicle based on the plurality of inputs and operator 
specified objectives, providing the at least one conflict 
checked flight trajectory revision to an airspace user, and 
upon approval of the at least one conflict-checked flight tra 
jectory revision by the user, proposing the at least one con 
flict-checked flight trajectory revision to an air traffic control 
ler. 
A further embodiment includes a method of advising Air 

Navigation Service Provider (ANSP) by determining at least 
one conflict-checked flight trajectory revision for an operat 
ing air vehicle that at least partially satisfies an ANSP objec 
tive, and is at minimum neutral (or at best beneficial) to 
airspace user business objectives. 
The features, functions, and advantages that have been 

discussed can be achieved independently in various embodi 
ments of the present invention or may be combined in yet 
other embodiments further details of which can be seen with 
reference to the following description and drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of systems and methods in accordance with 
the teachings of the present disclosure are described in detail 
below with reference to the following drawings. 

FIG. 1 shows an aircraft operational environment in accor 
dance with the prior art; 

FIG.2 shows an exemplary environment for implementing 
systems and methods for trajectory analysis in accordance 
with an embodiment of the invention; 

FIG. 3 is a block diagram of a trajectory analyzer in accor 
dance with an embodiment of the invention; 

FIG. 4 shows exemplary improvement opportunities that 
may be identified by the trajectory analyzer of FIG. 3; 

FIG. 5 is a schematic representation of a system for per 
forming real-time flight trajectory revisions in a first mode of 
operation in accordance with another embodiment of the 
invention; 

FIG. 6 is a schematic representation of the system of FIG. 
5 in a second mode of operation; and 

FIG. 7 is a schematic representation of the system of FIG. 
5 in a third mode of operation. 

DETAILED DESCRIPTION 

The present disclosure teaches systems and methods for 
actively seeking and generating real-time, conflict-checked, 
operationally preferred flight trajectory revision recommen 
dations. Many specific details of certain embodiments of the 
invention are set forth in the following description and in 
FIGS. 2-7 to provide a thorough understanding of such 
embodiments. It will be appreciated, however, that a variety 
of alternate embodiments may be conceived, and that various 
embodiments may be practiced without several of the details 
described in the following description. 

In general, embodiments of systems and methods in accor 
dance with the present disclosure analyze a variety of inputs 
regarding an end-to-end operating environment of an aircraft 
(including during flight), identify possible improvement 
opportunities based on one or more user-provided objectives 
(e.g. improved fuel economy, reduced flight time, improved 
emissions, mitigating traffic congestion, time of arrival, etc.), 
and advise an operating entity (e.g. an AOC center or ATC) of 
Such opportunities. An example opportunity could be to 
bypass the next navigation point or “fix’ in the current flight 
plan and proceed directly to a downstream fix on the flight 
plan, thus saving minutes and fuel in flight. Another example 
opportunity could be to request a higher altitude, thus oper 
ating more efficiently and saving fuel. Based on the informa 
tion, an airline could determine and request a conflict 
checked, real-time flight trajectory revision to take advantage 
of the improvement opportunity. If a governing air traffic 
authority (e.g. an ANSP) grants the request, the flight trajec 
tory of the aircraft could be revised to take advantage of the 
opportunity. 

For example, FIG. 2 shows an exemplary environment 100 
for implementing systems and methods fortrajectory analysis 
in accordance with embodiments of the invention. In this 
embodiment, the environment 100 includes a trajectory 
analysis portion 102 that operatively communicates with the 
airline operations portion 104 and the air traffic control por 
tion 60. Some of the components of the exemplary environ 
ment 100 are substantially the same as the prior art environ 
ment 50 described above with respect to FIG. 1, and for the 
sake of brevity, the operational aspects of those components 
will not be repeated. 
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4 
In this embodiment, the trajectory analysis portion 102 

includes a trajectory analyzer 110 that analyzes a set of inputs 
112 and identifies one or more improvement opportunities 
114. The inputs 112 may include a variety of information 
regarding the operational environment of the aircraft. The one 
or more improvement opportunities 114 are identified to a 
dynamic AOC component 106 of an airline operations portion 
104 during one or both of the second and third look-ahead 
periods 72, 74. 

In some embodiments, the improvement opportunities 114 
may be conflict-checked, real-time flight trajectory revision 
opportunities. Furthermore, the efficiency improvement 
opportunity 114 may accomplish an operational objective, 
Such as fuel reduction or congestion mitigation. Also the 
efficiency improvements may recommend tactics in addition 
to trajectory re-routing (e.g. speed adjusts). 
The inputs 112 to the trajectory analyzer 110 may include, 

for example, live Surveillance and intent data, flight plans, 
weather and wind information, constraint information (e.g. 
special use airspace (SUA)), airline-specific objectives, air 
line-specific proprietary data, high fidelity aircraft models, 
and other possible inputs. The trajectory analyzer 110 may 
receive the inputs 112 from various outside Sources, including 
the AOC, the aircraft, ATC, or other suitable outside sources 
(e.g. third-party data provider or Aeronautical Information 
Management (AIM) system). Alternately, the trajectory ana 
lyzer 110 may determine at least some of the inputs 112 
independently. 

Referring again to FIG. 2, if the dynamic AOC component 
106 approves of an identified improvement opportunity 114, 
the improvement opportunity 114 may be communicated in a 
request to the air traffic control portion 60. The air traffic 
control portion 60 may consider the request (e.g. via the 
separation management component 68), and may grant or 
deny the requested revision. The air traffic control portion 60 
retains its separation management functions and the authority 
to manage and prevent conflicts to ensure safety of life. Based 
on the decision of the air traffic control portion 60, the opera 
tion of the aircraft may be adjusted or maintained by a flight 
component 108 of the airline operations portion 104. 

Embodiments of systems and methods in accordance with 
the teachings of the present disclosure may advantageously 
combine both public and private data together in a manner 
that may not be feasible or possible in an exclusively govern 
ment environment. For example, such embodiments may take 
into consideration various user-specified objectives, user 
specified proprietary data, and other possible user-specified 
inputs. Air traffic control operators currently have no means 
of pursuing Such user-specified preferences in the context of 
a government-controlled ATC. Thus, embodiments in accor 
dance with the present disclosure can ingest Such user pref 
erences and seek improvements that take into account indi 
vidual operator goals. 
An airline-specified input may include information that a 

certain flight holds many high value connecting passengers 
and should receive a correspondingly high priority, or that 
another flight may not have its gate available at its destination 
and may actually benefit from slowing down in the en route 
environment. Similarly, assume multiple flights are operating 
inbound to a busy hub and crossing the same merge point or 
arriving on the same runway. A flight with many international 
connecting passengers or a crew with a tight connection, for 
example, may be given multiple direct-to options and speed 
increases to get the flight to the destination as quickly as 
feasible. Another flight with fewer connecting or high value 
passengers or no crew or aircraft constraints may be permitted 
to fall further back in the queue. 
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In addition, embodiments of systems and methods in 
accordance with the present disclosure may identify possible 
flight trajectory revisions that aid ATC in addressing conges 
tion, flows or other operational issues. As discussed above, 
the ATC is focused first and foremost on safety. But the ATC 
still deals with weather, congestion and often needs to quickly 
find a solution for moving air traffic through airspace that is 
either congested or has lost capacity. Often this results in 
holding patterns if aircraft are already airborne. Embodi 
ments in accordance with the present disclosure can provide 
ATC flight trajectory revision recommendations for indi 
vidual operations that are neutral to an operator or even 
improve operator efficiency. Such requests can be designed to 
manage congestion and pre-align aircraft to flow better 
through the air traffic system, thereby offering a means for the 
ATC to remain focused on safety while also receiving third 
party Support to manage congestionina manner that is neutral 
at worst, and efficient at best, to the operators. 

It will be appreciated that the trajectory analyzer 110 may 
be implemented in a variety of ways. For example, FIG. 3 is 
a block diagram of a trajectory analyzer 400 in accordance 
with an embodiment of the invention. The trajectory analyzer 
400 is illustrated as a collection of blocks in a logical flow 
graph, which represents a sequence of operations that can be 
implemented in hardware, software, or a combination 
thereof. In the context of software, the blocks represent com 
puter instructions that, when executed by one or more pro 
cessors, perform the recited operations. 

In this embodiment, the trajectory analyzer 400 includes an 
opportunity trajectory generator 410, an alternative flight 
plan analyzer 420, a conflict probe 430, and an opportunity 
trajectory communicator 440. As shown in FIG. 3, the oppor 
tunity trajectory generator 410 receives a first set of inputs 
412. In some embodiments, the first set of inputs 412 includes 
flight plans, weather and wind information, and user-specific 
proprietary information. The opportunity trajectory generator 
410 analyzes the first set of inputs 412 and outputs one or 
more possible opportunity trajectories 414. 
More specifically, the opportunity trajectory generator 410 

analyzes a plurality of possible flight re-plan Scenarios which 
are operationally preferred to the currently filed trajectory. 
This sub-function may not consider all operator or air traffic 
control constraints. Furthermore, in some embodiments, this 
Sub-function may be parameterized (or ranked) Such that only 
options of significant value are considered. The ranking (or 
hierarchy) of Such parameters can be varied based on any 
number of considerations, including userpreferences or busi 
ness model, or other Suitable considerations. 
The alternative flight plan analyzer 420 receives the one or 

more possible opportunity trajectories 414, and a second set 
of inputs 422. In this embodiment, the second set of inputs 
422 includes one or more high fidelity aircraft performance 
models, constraint information (e.g. special use airspace 
(SUA)), user-specific objectives, and weather and turbulence 
data. The alternative flight plan analyzer 420 analyzes the 
second set of inputs 422, and the one or more possible oppor 
tunity trajectories 414 from the opportunity trajectory gen 
erator 410, and outputs one or more alternative flight plans 
424a to the conflict probe 430, and one or more alternative 
flight plans 424b back to the opportunity trajectory generator 
410. 

More specifically, the alternative flight plan analyzer 420 
further converges on opportunities that meet one or more 
selected criteria, including operator business objectives, ATC 
constraints, weather and turbulence constraints, and aircraft 
performance characteristics. Like the opportunity trajectory 
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6 
generator 410, this sub-function may also be parameterized 
Such that tolerances can be user-specified. 
The conflict probe 430 receives the one or more alternative 

flight plans 424a, and a third set of inputs 432. In this embodi 
ment, the third set of inputs 432 includes live surveillance and 
intent data. The conflict probe 430 analyzes these inputs, 
determines whether possible conflicts with other aircraft 
exist, and outputs conflicts information 434a to the opportu 
nity trajectory communicator 440. The conflict probe 430 
also returns conflicts information 434b to the alternative flight 
plan analyzer 420. 
More specifically, the conflict probe 430 includes a trajec 

tory prediction capability which projects aircraft positions 
based on one or more variables, including current state vector, 
historical flight path, and filed flight plan. With such projec 
tions, the conflict probe sub-function is able to predict con 
flicts which may arise with other traffic should the opportu 
nity trajectory be implemented. This sub-function is also able 
to model and check conflicts with not only a single aircraft 
(i.e. pair-wise conflict detection) but also with a group of 
aircraft (traffic flows), convective weather cells, turbulence, 
special use airspace, or any other no fly Zones. This Sub 
function may also be parameterized Such that the conflict 
tolerance can be user-specified (e.g. Varying degrees of con 
flict tolerance, separation buffers, severity of conflict, etc.). 
The output of this sub-function 434a is a conflict-checked re 
route opportunity to be provided to an airspace user. 
The above-described actions of the opportunity trajectory 

generator 410, the alternative flight plananalyzer 420, and the 
conflict probe 430 may be iteratively repeated until a conflict 
checked, best available efficiency improvement opportunity 
114 is determined. After a suitably converged solution is 
achieved, the efficiency improvement opportunity 114 is out 
put by the opportunity trajectory communicator 440. 

In this way, Some embodiments of trajectory analyzers in 
accordance with the teachings of the present disclosure 
search for efficiency improvements on behalf of the user and 
provide the user with de-conflicted efficiency improvements 
that they can request to air traffic governing authorities for 
implementation. The controller (e.g. ATC 106) may then 
examine the request and issue an approval (or denial). This 
process is consistent with today's operation and requires no 
change to existing operational procedures. Such embodi 
ments provide knowledge of opportunities to the operator So 
the operator can request 'smart asks” (i.e., conflict checked 
and user preferred) in the near term operating environment. 

For example, FIG. 4 shows exemplary efficiency improve 
ment opportunities 114 that may be identified by the trajec 
tory analyzer 110 of FIG. 2. In a lateral improvement oppor 
tunity 300, the trajectory analyzer 110 may identify an 
efficiency improvement that involves proceeding from a first 
waypoint 302 to a second waypoint 304 along a pre-planned 
flight path 305, bypassing (or "skipping) an intermediate 
waypoint 306 that is laterally displaced from a revised path 
308 between the first and second waypoints 302,304. The 
lateral improvement opportunity 300 may be of a type known 
as a “direct to improvement opportunity, and may be deter 
mined based on one or more of the inputs 112, including, for 
example, wind information. In some embodiments, the lateral 
improvement opportunity 300 may provide a time savings of 
approximately one to five minutes in the time of flight of the 
aircraft 104. 

Similarly, in a vertical improvement opportunity 310, the 
trajectory analyzer 110 may identify an efficiency improve 
ment that involves proceeding along a pre-planned flight path 
at a higher altitude (i.e., vertically displaced) than the current 
altitude of flight. 
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As further shown in FIG.4, the trajectory analyzer 110 may 
identify a complex improvement opportunity 320 that 
involves proceeding from a first waypoint 322 to a second 
waypoint 324 via one or more auxiliary waypoints 323. The 
auxiliary waypoints 323 may be displaced from a pre-planned 
flight path 325 by any combination of lateral and vertical 
displacement, and may be determined by the trajectory ana 
lyzer 110 to avoid a constraint region 330 that has developed 
along the pre-planned flight path 325. The constraint region 
300 may include, for example, a weather cell, an SUA, a 
traffic congestion region, or any other type of constraint. The 
auxiliary waypoints 323 may result in the aircraft 104 bypass 
ing one or more intermediate waypoints 326 along the pre 
planned flight path 325. In addition, during one or more 
segments 332 of a revised path 328 or the pre-planned flight 
path 325, the trajectory analyzer 110 may identify one or 
more speed adjustments of the aircraft 104 that may be used 
to ensure that the aircraft 104 arrives at a controlled time to 
arrival fix 334 (e.g. a destination airport). As shown in FIG.4, 
the speed adjusts may be identified between awaypoint on the 
pre-planned flight path 325 and an auxiliary waypoint 323 
(e.g. segment 332a), between two auxiliary waypoints 323 
(e.g. segment 332b), or even between two waypoints on the 
pre-planned flight path 325 (e.g. segment 332c). 

In some embodiments, the trajectory analyzer 400 may be 
configured to focus on operational improvements in the en 
route environment. In further embodiments, the trajectory 
analyzer 400 may be configured to perform a metering capa 
bility, as disclosed, for example, in U.S. Pat. No. 6,463,383 
issued to Baiada and Bowlin. More specifically, in an air 
traffic system, certain resources (particularly airspace merge 
points, arrival fixes, or runways at busy airports) may become 
congested and drive queuing back into the air traffic system. 
Metering traffic to these congested points allows for an 
improved flow over the congestion point and less inefficient 
separation actions. The trajectory analyzer 400 may be con 
figured to meter traffic toward such an arrival airport and/or 
airspace merge point to provide en route efficiency opportu 
nities in a manner that is consistent with the metering require 
ments of airspace and runway capacity constraints. 
The metering capability of the trajectory analyzer 400 may 

allow for improved management of the arrival phase of flight. 
Whether it is continuous descent approaches (CDAs) or Tai 
lored Arrivals (TAS), there are a number of technical options 
for cost, noise, and emissions management during an arrival 
procedure. The metering capability of the trajectory analyzer 
400 may deliver metered operations into an arrival environ 
ment that better enables efficient arrival procedures, and may 
also allow for a stream of Such arrival procedures through an 
airspace. 

In alternate embodiments, the trajectory analyzer 400 may 
integrate capabilities in flow management and arrival man 
agement in order to manage four-dimensional (4D) trajectory 
operations during the entire en route segment of flight. As 
used herein, the term 4D trajectory operations means that a 
latitude, longitude, and altitude flight path is planned with 
corresponding time constraints. For example, in a near term 
portion of flight (e.g. 1 to 45 minutes), the ATC 106 is typi 
cally focused on regional traffic management and separation 
management of aircraft in the system. Thus, the air traffic 
operation is tactical and responsive to the existing conditions 
in this time. From the air traffic management perspective of 
the ATC 106, this time frame is critical to safety of life, and the 
ATC 106 is typically reluctant to invest time into searching for 
efficiency opportunities on a per flight basis during this 
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8 
period. Furthermore, the ATC 106 does not have access to 
information as to what preferences users have for their indi 
vidual flights. 
The operations enabled by embodiments of systems and 

methods in accordance with the present disclosure are not just 
relevant in the near term look-ahead time horizon (e.g. 1 to 45 
minutes). The en route efficiency improvements, along with 
metering and arrival management, provide a capability to 
operate full mission 4D trajectory operations. The 4D trajec 
tory may be deemed “full mission” because even while the 
near term precise trajectory is being replanned, downstream 
considerations are considered. For example, an aircraft may 
be given an advisory to request an efficiency improvement 
opportunity not only because it saves time and fuel but also 
because it positions the aircraft to top of descent at the right 
time to initiate a tailored arrival. Thus, embodiments of sys 
tems and methods in accordance with the present disclosure 
consider the entire end-to-end aircraft trajectory until arrival 
even as decisions are made with respect to the operation in the 
near term. 

It will be appreciated that embodiments of systems and 
methods in accordance with the present disclosure may be 
implemented in a variety of different system configurations. 
For example, FIG. 5 is a schematic representation of a system 
500 for performing real-time flight trajectory revisions in 
accordance with an embodiment of the invention. In this 
embodiment, the system 500 includes an Airline Operation 
Control (AOC)502, an aircraft 504, and an AirTraffic Control 
(ATC) 506. The AOC 502, the aircraft 504, and the ATC 506 
may be in operative communication in accordance with exist 
ing communication systems and methods. The system 500 
also includes a trajectory analyzer 510 that is configured to 
receive and analyze various inputs regarding the operating 
environment of the aircraft 504. 

Referring again to FIG. 5, in operation, the trajectory ana 
lyzer 510 may examine the real-time surveillance environ 
ment to track positions of all aircraft in flight, process their 
plan of operation, and determine a future expected operating 
picture. Based on one or more of the inputs 512, including 
user-specific objectives, user-specific proprietary data, high 
fidelity aircraft models, and other possible user-specific 
inputs, winds, weather, airspace structure and procedures, 
and constraints in the system 500, the trajectory analyzer 510 
may examine whether there are any efficiency improvement 
opportunities (e.g. opportunities 314 shown in FIG. 3) for an 
individual flight (e.g. aircraft 504). The trajectory analyzer 
510 identifies such options in consideration of separation 
requirements for ATC (i.e. conflict-checked), and in some 
embodiments, only brings an efficiency improvement oppor 
tunity 314 to light if it is expected to be accepted by ATC. 
The trajectory analyzer 510 can deliver the opportunity 314 

to a user (e.g. an airline operator) in a variety of ways. For 
example, as shown in FIG.5, in a first operating mode 520, the 
trajectory analyzer 510 communicates the information to the 
AOC 502 (as shown in FIG. 5) via an internet protocol (IP) 
based communication 522, and the AOC 502 may communi 
cate the efficiency improvement opportunity 314 to the air 
craft 504 via an Aircraft Communication Addressing and 
Reporting System (ACARS) message 524. Alternately, the 
trajectory analyzer 510 may transmit the opportunity 514 
directly to the aircraft 504. In turn, if the efficiency improve 
ment opportunity 314 is acceptable to the user, the user may 
request the flight trajectory revision identified in the effi 
ciency improvement opportunity 314. Such as by having the 
aircraft 504 issue a voice request 526 to the ATC 506. If 
approved by the ATC 506, the aircraft 504 may implement the 
flight trajectory revision as requested. 
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The system 500 may operate in alternate modes of opera 
tion. For example, FIG. 6 is a schematic representation of the 
system 500 in a second mode of operation 530. In this 
embodiment, the trajectory analyzer 510 communicates the 
identified efficiency improvement opportunity 314 (FIG.3) to 
the AOC 504 via an IP-base communication 532, and the 
AOC 504 communicates an approval 534 back to the trajec 
tory analyzer 510. The trajectory analyzer 510 then transmits 
an opportunity advisory message 535 to the ATC 506 to let the 
ATC 506 know of the opportunity that has been identified. 
Next, the AOC 504 transmits a message 536 (e.g. an ACARS 
message) identifying the opportunity 314 to the aircraft 504, 
and in turn, the aircraft 504 transmits a request 538 (e.g. a 
voice request) to the ATC 506 requesting to implement the 
efficiency improvement opportunity 314. Because the ATC 
506 has previously received the opportunity advisory mes 
sage 535 prior to the request 538, the ATC 506 may have an 
improved situational awareness, and may be better able to 
provide a prompt response to the request 538. Again, if 
approved by the ATC 506, the aircraft 504 may implement the 
flight trajectory revision as requested. 

FIG. 7 is a schematic representation of the system 500 in a 
third mode of operation 540. In this embodiment, the trajec 
tory analyzer 510 communicates the identified improvement 
opportunity 314 to the AOC 504 via an IP-base communica 
tion 542, and the AOC 504 communicates an approval 544 
back to the trajectory analyzer 510. The trajectory analyzer 
510 then transmits an opportunity advisory message 545 to 
the ATC 506. If the ATC506 approves of the opportunity 314, 
the ATC 506 transmits an instruction 546 (e.g. a Controller 
Pilot Datalink Communication (CPDLC)) to the aircraft 504 
in accordance with the improving opportunity 314. The air 
craft 504 responds with an acknowledgement 548 back to the 
ATC 504, and implements the flight trajectory revision as 
instructed. 

Embodiments of systems and methods including the tra 
jectory analyzer 510 may provide significant advantages over 
existing air traffic management systems. Unlike previously 
developed systems (e.g. “Direct To” and URET), the trajec 
tory analyzer 510 may consider and identify improvement 
opportunities 314 from a broader perspective of possible 
inputs 512, including user-specific objectives, user-specific 
proprietary data, high fidelity aircraft models, and other pos 
sible user-specific inputs. In this way, the trajectory analyzer 
510 may be configured to identify and propose efficiency 
improvement opportunities 314 from a broader perspective 
that includes considerations that may be important or unique 
to an individual user. Beyond searching for a “direct to 
opportunity, embodiments of systems and methods in accor 
dance with the present disclosure may search across multiple 
fix opportunities, altitude change options, alternative fixes, 
speed adjusts, and other possible opportunities, and may 
identify opportunities continuously along a flight trajectory. 
Possible users who may benefit from embodiments of meth 
ods and systems in accordance with the present disclosure 
include, for example, commercial and private passenger air 
lines, air-freight companies, governmental entities (e.g. 
postal service, military organizations, etc.), or any other Suit 
able users as well as the ATC provider. 

Embodiments of systems and methods including the tra 
jectory analyzer 510 may advantageously focus on user 
objectives (e.g. airline objectives) like efficiency and capac 
ity, while remaining outside of the ATC's safety of life and 
separation assurance control loop. The ATC 506 is still 
responsible for separating aircraft, but with the conflict probe 
capability within the trajectory analyzer 510, it is envisioned 
that there may be less conflicts for the controller to manage. In 
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10 
addition, because the trajectory analyzer 510 remains outside 
of the ATC's safety of life loop and may be implemented 
through current communications systems (e.g. Voice, 
ACARS, and CPDLC communications), the trajectory ana 
lyzer 510 may be feasibly implemented with relatively little 
impact on current operational procedures. 

While specific embodiments of the invention have been 
illustrated and described herein, as noted above, many 
changes can be made without departing from the spirit and 
Scope of the invention. Accordingly, the scope of the inven 
tion should not be limited by the disclosure of the specific 
embodiments set forth above. Instead, the invention should be 
determined entirely by reference to the claims that follow. 
What is claimed is: 
1. A system for actively analyzing air traffic conditions 

based on a plurality of inputs, the system comprising: 
an analysis component configured to produce at least one 

conflict-checked flight trajectory revision that is opera 
tionally preferred for an end-to-end flight trajectory of 
an operating vehicle that includes an arrival phase; and 

a communications component configured to communicate 
the at least one conflict-checked flight trajectory revi 
sion. 

2. The system of claim 1, wherein the plurality of inputs 
includes at least one of an airline operational preference spe 
cific to an individual aircraft or flows of aircraft, live air traffic 
Surveillance data, live flight plan data, weather and wind data, 
high fidelity aircraft performance models, an airline-specific 
business objective, and an airspace constraint. 

3. The system of claim 1, wherein the analysis component 
and the communications component are further configured to 
provide the conflict-checked operationally preferred flight 
trajectory revision in real time during operation of the oper 
ating vehicle. 

4. The system of claim 1, wherein the analysis component 
includes an opportunity trajectory generator configured to 
analyze at least one possible flight re-plan Scenario which 
may be operationally preferred to the currently filed trajec 
tory, the opportunity trajectory generator being further con 
figured to consider a ranked hierarchy of re-plan options. 

5. The system of claim 1, wherein the analysis component 
is further configured to: 

generate at least one opportunity trajectory; 
analyze the at least one opportunity trajectory in view of at 

least one operator-specified objective; and 
determine whether a conflict exists between the at least one 

opportunity trajectory and another flight path of another 
operating air vehicle. 

6. The system of claim 5, wherein analyzing the at least one 
opportunity trajectory includes converging on the at least one 
opportunity trajectory based on a hierarchy of ranked criteria. 

7. A method of operating an air vehicle based on a plurality 
of inputs, comprising: 

determining at least one conflict-checked flight trajectory 
revision for an operating air vehicle based on (1) a plu 
rality of inputs that includes a hierarchy of criteria that 
are ranked based at least in part on operator preferences 
or a business model and (2) an operator-specified objec 
tive, the at least one conflict-checked flight trajectory 
revision at least partially improving the chances of meet 
ing the operator-specified objective; 

providing the at least one conflict-checked flight trajectory 
revision to an airspace user, and 

upon approval of the at least one conflict-checked flight 
trajectory revision by the airspace user, transmitting the 
at least one conflict-checked flight trajectory revision to 
an air traffic authority. 
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8. The method of claim 7, wherein providing the at least 
one conflict-checked flight trajectory revision to an airspace 
user includes providing the at least one conflict-checked flight 
trajectory revision to an operator's operations center, the 
method further including communicating the at least one 
conflict-checked flight trajectory revision from the operators 
operations center to at least one of the operating air vehicle 
and an air navigation service provider. 

9. The method of claim 7, wherein providing the at least 
one conflict-checked flight trajectory revision to an airspace 
user includes providing the at feast one conflict-checked 
flight trajectory revision to an operator's operations center, 
the method further including: 

communicating an approval from the operator's operations 
center back to the communication component; 

transmitting an opportunity advisory message from the 
communication component to an air navigation service 
provider; 

communicating the at least one conflict-checked flight tra 
jectory revision to a pilot of the operating air vehicle: 
and 

transmitting a request from the pilot to the air navigation 
service provider to perform the at least one conflict 
checked flight trajectory revision. 

10. The method of claim 7, wherein providing the at least 
one conflict-checked flight trajectory revision to an airspace 
user includes providing the at least one conflict-checked flight 
trajectory revision to an operator's operations center, the 
method further including: 

communicating an approval from the operator's operations 
center to at least one of the communication component 
and, if a set of pre-established conditions is satisfied, to 
an air navigation service provider, and 

if approved by the air navigation service provider, trans 
mitting an instruction from the air navigation service 
provider to a pilot of the operating air vehicle to perform 
the at least one conflict-checked flight trajectory revi 
sion. 

11. The method of claim 7, wherein the at least one con 
flict-checked flight trajectory revision includes laterally 
bypassing an intermediate waypoint along a pre-planned 
flight path. 

12. The method of claim 7, wherein the at least one con 
flict-checked flight trajectory revision includes a vertical 
improvement opportunity that is a different altitude than the 
current altitude of flight. 

13. The method of claim 7, wherein the at least one con 
flict-checked flight trajectory revision includes identifying a 
combination of at least one auxiliary waypoint and at least 
one vertical displacement from a current path of flight that at 
least one of enables improved efficiency and avoids an oper 
ating constraint. 
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14. The method of claim 7, wherein the at least one con 

flict-checked flight trajectory revision may involve adjust 
ments to at least one of current and planned en route speeds of 
the operating air vehicle to better meter traffic through and 
align operations with constrained system resources. 

15. The method of claim 7, wherein the at least one con 
flict-checked flight trajectory revision may be specifically 
crafted to position the operating air vehicle for improved 
management during an arrival phase of flight through at least 
one of a continuous descent approach and a tailored arrival. 

16. The method of claim 7, wherein the at least one con 
flict-checked flight trajectory revision enables a four-dimen 
sional trajectory operation, including an operation planned 
with a latitude, a longitude, an altitude, and a time, in a 
near-term operating environment, including an approxi 
mately one to approximately forty-five minute look-ahead. 

17. The method of claim 7, wherein the at least one con 
flict-checked flight trajectory revision includes a recom 
mended near term trajectory replanning that considers an 
entire end-to-end aircraft trajectory up to and including 
arrival. 

18. A method, comprising: 
determining at least one conflict-checked flight trajectory 

revision for an operating air vehicle that at least partially 
satisfies an Air Navigation Service Provider (ANSP) 
objective, wherein determining includes: 
collectively considering one or more airspace user 

objectives, and 
Selecting a candidate conflict-checked flight trajectory 

revision that is at least one of neutral to or beneficial to 
an objective of the airspace user, the conflict-checked 
flight trajectory revision including a new end-to-end 
aircraft trajectory up to and including an arrival phase; 

proposing the candidate conflict-checked flight trajectory 
revision to the ANSP; and 

altering an existing flight trajectory during a flight of the 
operating air vehicle upon approval of the candidate 
conflict-check flight trajectory revision by the ANSP. 

19. The method of claim 18, wherein partially satisfying an 
ANSP objective includes at least one of mitigation of system 
congestion in a busy airspace, pre-aligning traffic for 
improved throughput at busy airports, and efficient arrival/ 
departure operations. 

20. The method of claim 18, wherein collectively consid 
ering one or more airspace user objectives includes consid 
ering one or more operator flight trajectory revisions that 
meet ANSP objectives that do not have a negative impact on 
the airspace user's time, cost, emissions or network perfor 
mance to operate. 


